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(54) METHOD FOR COATING RESIST 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for coating a 
resist wherein evenness in resist pattern dimension in a wafer 
surface or wafers, etc., is enhanced. 

SOLUTION: An initial set value tref for a film thickness of an 
interlayer insulating film as a base material is brought into an 
electronic control device 30 through a data input device 35, then a 
film thickness t of an actual interlayer insulating film is measured 
by a film-thickness gauge 10, which is taken into the electronic 
control device 30. Then, a deviation At (At=tref-1) of the film 
thickness of the actual interlayer insulating film 3 from the initial 
set value tref of the film thickness t of the actual interlayer 
insulating film 3 is obtained with the electronic control device 30. 
Then, based on the deviation At, a shift amount RAt of the resist 
film thickness of compensating phase shift of exposure reflected 
light is obtained, and the shift amount RAt of the resist film 
thickness for compensation is added to the initial set value tref of 
film thickness of the interlayer insulating film 3, for obtaining a film 
thickness RT of the resist film. Then, a command (for example, 
spinner's rotation frequency) is issued to a resist coating device 20 
for coating a resist for optimum resist film thickness RT. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) The resist method of application characterized by applying resist thickness to which the 
amount of thickness fluctuation of the interlayer insulation film of a semiconductor device is computed 
before resist spreading, and the amount of resist pattern dimension fluctuation becomes the smallest to 
the amount of resist thickness fluctuation based on the amount of thickness fluctuation of (b) this 
interlayer insulation film. 

[Claim 2] (a) When the thickness measurement of the interlayer insulation film of a semiconductor device 
has a difficult substrate before resist spreading, by measuring the reflection factor on a semiconductor 
device Compute the amount of thickness fluctuation of said interlayer insulation film, and it is based on the 
thickness on the dummy pattern used as (b) criteria. The resist method of application characterized by 
applying resist thickness to which it asks for the change in the amount of thickness fluctuation of said 
interlayer insulation film, and the amount of resist pattern dimension fluctuation becomes the smallest to 
the amount of resist thickness fluctuation. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the resist method of application in a phot lithography 

processes (following, HOTORISO) in manufacture of a semiconductor device. 

[0002] 

[Description of the Prior Art] Drawing 8 is drawing showing the relation between resist thickness and a 
resist pattern dimension. A resist pattern dimension changes with the multiplex cross protection of the 
incident light at the time of an exposure process, and the reflected light from a substrate with a fixed 
period to resist thickness so that clearly from this drawing. That is, a period changes with wavelength of an 
aligner, and the amplitude becomes large, so that the reflection factor from a substrate is high. 
[0003] Also when resist thickness is conventionally changed at the time of semiconductor device 
development, each process of semiconductor device manufacture estimates beforehand the resist 
thickness of the A or the B point used as the pole of the period shown in drawing. 8 , and resist thickness 
is set up so that the amount of fluctuation of a resist pattern dimension may become small. As for the set- 
up resist thickness, managing indirectly is common by measuring periodically the resist thickness applied on 
the semi-conductor substrate [ flat / for the thickness measurement of resist ] (following wafer). 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the above-mentioned conventional approach, 
various level difference structures exist by the pile of wiring and an interlayer insulation film on a semi- 
conductor substrate. Here, as for a wiring process, the high film of permeability is used in many cases, as 
for the high reflective film and an interlayer insulation film. Drawing 9 is the sectional view of the 
semiconductor device which has a level difference, and, for 50, as for the high reflective film and 52, a 
semi-conductor substrate and 51 are [ an interlayer insulation film and 53 ] resist film. 
[0005] As shown in this drawing, the part of a, i.e., a substrate, forms a resist in the part with which the 
high reflective film 51 and an interlayer insulation film 52 lapped. Then, since the reflection factor in the 
front face of the interlayer insulation film 52 of exposure light is small, exposure light carries out multiplex 
interference within the bipolar membrane of the resist film 53 and an interlayer insulation film 52 (the 
reflected light on the front face of an interlayer insulation film can be disregarded). Moreover, when the 
thickness of an interlayer insulation film 52 is changed, the phase of the light in the interlayer insulation 
film at the time of exposure shifts. 

[0006] Drawing 10 is drawing showing the shift condition of the phase of the light in the interlayer 
insulation film at the time of exposure, when the thickness of the interlayer insulation film as a substrate is 
changed, and drawing in which drawing 10 (a) shows the phase of the light in the interlayer insulation film at 
the time of ideal exposure, and drawing 10 (b) are drawings showing the shift condition of the phase of the 
light in the interlayer insulation film at the time of the exposure at the time of changing the thickness of an 
interlayer insulation film. As shown in these drawings, the phase of the light in the bipolar membrane of the 
resist film and an interlayer insulation film shifts, and the resist thickness of the pole A shown by drawing 8 
and Pole B moves. In addition, in drawing 8 , an axis of abscissa shows resist thickness and the axis of 
ordinate shows the resist pattern dimension. 

[0007] Drawing 1 1 is drawing showing an example when the wave-like phase of the exposure light by the 
thickness of the interlayer insulation film as a substrate shifts. As shown in this drawing, when having set it 
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as Pole A and resist thickness does deltaR fluctuation of, a resist pattern dimension is deltawl. It will 
change. However, when [ with the same resist thickness ] a phase shifts, and deltaR fluctuation of is done, 
a resist pattern dimension is deltaw2. It changes. 

[0008] Here, it is deltawKdeltaw2. Becoming is clear. As a result, even when fluctuation of resist thickness 
is small, deltaw to deltaR becomes large and the homogeneity of the resist pattern dimension of a between 
[ the inside of a wafer side and a wafer ] etc. will deteriorate. This invention removes the above-mentioned 
trouble and aims at offering the resist method of application which can raise the homogeneity of the resist 
pattern dimension of a between [ the inside of a wafer side, or a wafer ] etc. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in [1] resist method of 
application, this invention computes the amount of thickness fluctuation of the interlayer insulation film of 
a semiconductor device before resist spreading, and applies resist thickness to which amount of resist 
pattern dimension fluctuation deltaw becomes the smallest to the amount Rdeltat of resist thickness 
fluctuation based on the amount of thickness fluctuation of this interlayer insulation film. 
[0010] [2] In the resist method of application, when the thickness measurement of the interlayer insulation 
film of a semiconductor device has a difficult substrate before resist spreading, by measuring the reflection 
factor on a semiconductor device Compute the amount of thickness fluctuation of said interlayer insulation 
film, and it is based on the thickness on the dummy pattern used as criteria. It asks for the change in the 
amount of thickness fluctuation of said interlayer insulation film, and resist thickness to which amount of 
resist pattern dimension fluctuation deltaw becomes the smallest to the amount Rdeltat of resist thickness 
fluctuation is applied. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail. 
The resist spreading structure-of-a-system Fig. and drawing 3 of the sectional view of a semiconductor 
device for drawing 1 to explain the resist method of application which shows the 1st example of this 
invention, and drawing 2 are the resist spreading flow chart. Here, the case where a resist pattern is 
produced is mentioned as an example, and the part of a of drawing 1 explains it. 

[0012] For 1, as for the high reflective film and 3, in drawing 1 , a semi-conductor substrate and 2 are [ an 
interlayer insulation film and 4 ] resist film. In drawing 2 , 10 is a thickness gage and measures the 
thickness of the interlayer insulation film 3 as a substrate here. 20 is a resist coater, 30 is an electronic 
control, and this electronic control 30 is equipped with a central processing unit (CPU) 31, storage 32, the 
input interface 33, and the output interface 34. Moreover, 35 is a data entry unit 35 and inputs the set 
point of an interlayer insulation film 3. 

[0013] Then, before supplying a wafer to a thickness gage 10 and applying a resist, the thickness t of the 
interlayer insulation film 3 on a semiconductor device is measured, and it asks for amount of gaps deltat 
from the thickness t of the early interlayer insulation film 3 which set up resist thickness conditions with 
an electronic control 30. Here, when a part for the phase of the reflected light to shift by amount of gaps 
deltat of an interlayer insulation film 3 is made in agreement in shifting resist thickness, a wave-like pole as 
shown by drawing 8 will be obtained. 

[0014] Hereafter, the resist method of application of the 1st example is explained to a detail, referring to 
drawing 1 R> 1 thru/or drawing 3 . 

(1) It is the set point tref in early stages of the thickness of the interlayer insulation film 3 as a substrate 
first. It incorporates from a data entry unit 35 to an electronic control 30 (step S1). 

(2) Next, by the thickness gage 10, measure the thickness t of the actual interlayer insulation film 3, and 
incorporate the thickness t to an electronic control 30 (step S2). 

[0015] (3) subsequently, the set point tref in early stages of the thickness t of an interlayer insulation film 
3 from — it asks for amount of gaps delta[ of the thickness of the actual interlayer insulation film 3 ] t 
[deltat=tref^-t] with an electronic control 30 (step S3). 

(4) Next, calculate the shift amount Rdeltat of the resist thickness which should compensate the phase 
shift of the exposure reflected light based on the above-mentioned amount of gaps deltat (step S4). 
[0016] (5) subsequently, the set point tref in early stages of the thickness of an interlayer insulation film 3 
the shift amount Rdeltat of the resist thickness which should be compensated — in addition, it asks for the 
thickness RT of the resist film (step S5). 

(6) Next, take out a command (for example, spinner engine speed) to the resist coater 20, and apply a 
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resist so that it may become the optimal resist thickness, so that it may become the thickness RT of the 
resist film (step S6). That is, as shown in drawing 4 , a spinner engine speed and resist thickness have a 
correlation. Then, a spinner rotational frequency is controlled so that the output of an electronic control 30 
becomes proper resist thickness. 

[0017] In addition, since refractive indexes differ, an interlayer insulation film 3 and the resist film 4 can 
calculate the shift amount Rdeltat of needed resist thickness by the following formulas. 
Rdeltat=(refractive index of refractive-index/resist of interlayer insulation film) xdeltat — (1) 
As an example, the shift amount Rdeltat of the resist thickness which should compensate the phase shift 
of the exposure reflected light when 300A of BPSG film becomes thin to a target is computed by making 
the BPSG film and HOTORISO into i line process at the interlayer insulation film 3 of a substrate. Then, if 
it substitutes for (1) type as the refractive index 1.46 of the BPSG film, the refractive index 1.64 of i line 
resist, and deltat=300A, it will become 270A of Rdeltat= abbreviation. 

[0018] Therefore, the resist thickness RT to which amount of resist pattern dimension fluctuation deltaw 
becomes the smallest can be obtained to amount of resist thickness fluctuation deltaR by applying 270A of 
resist thickness thickly. The resist thickness RT obtained here can be applied by adjusting the rotational 
frequency of the spinner of the resist coater 20, as described above. 

[0019] By doing the above activity for every resist spreading process, it always becomes possible for every 
wafer of the to perform resist spreading by thickness to which amount of resist pattern dimension 
fluctuation deltaw becomes the smallest to the amount Rdeltat of resist thickness fluctuation (shift 
amount). According to the 1st example, the amount Rdeltat of thickness fluctuation of an interlayer 
insulation film (shift amount) is calculated before resist spreading. A shifted part of a phase thus, by 
adjustment of resist thickness To the amount Rdeltat of resist thickness fluctuation (shift amount) by 
applying by resist thickness to which amount of resist pattern dimension fluctuation deltaw becomes the 
smallest always It becomes possible to obtain the resist pattern dimension used as a target, without 
degrading the homogeneity of the resist pattern dimension within a wafer side, when the thickness of an 
interlayer insulation film is changed. 

[0020] Next, the 2nd example of this invention is explained. The sectional view of a semiconductor device 
for drawing 5 to explain the resist method of application which shows the 2nd example of this invention, the 
property Fig. of the thickness of the interlayer insulation film which drawing 6 shows the 2nd example of 
this invention, and a reflection factor, and drawing 7 are the resist spreading flow chart. In drawing 5 , 41 is 
a semi-conductor substrate, 42 is the high reflective film of a substrate, and it consists of a circuit pattern 
with a small pitch. 43 is an interlayer insulation film and 44 is the resist film. 

[0021] As this example shows to drawing 5 , it is difficult for the high reflective film 42 of a substrate to 
measure correctly the thickness of the interlayer insulation film 43 on the high reflective film 42 in the 
case of a circuit pattern with a small pitch etc. Therefore, it is the set point tref in early stages of the 
thickness t of the actual interlayer insulation film 43 by measuring the reflection factor on semiconductor 
device equipment in the 2nd example instead of measuring the thickness of an interlayer insulation film 43. 
It asks for amount of gaps deltat of the insulator layer 43 between whorls. 

[0022] If the reflection factor of the part of a is measured before resist spreading when forming a resist 
pattern in the part of a shown in drawing 5 , as shown in drawing 6 , the thickness t of an interlayer 
insulation film 43 and the relation of a reflection factor alpha will be changed with a fixed period [when a 
reflection factor is measured using the same i line (wavelength of 365nm) as exposure light, the period of 
wavelength becomes about 1 250A]. For example, thickness tref of the interlayer insulation film at the time 
of initialization t1 Suppose that it carried out and the reflection factor in i line did deltaalpha fluctuation of. 
Amount of fluctuation deltat of the thickness of the interlayer insulation film at this time is t2 of drawing 6 . 
Or t3 It becomes. However, as [ this ], deltat is t2 and t3. It cannot judge whether it is either. That is, the 
judgment of the positive/negative of deltat cannot be performed. 

[0023] Then, in order to judge the positive/negative of deltat, the positive/negative of deltat is judged by 
inserting a dummy pattern with the same level difference structure as a semiconductor device on a scribe 
line, and measuring the thickness of the interlayer insulation film of the dummy pattern used as criteria 
instead of a shown in drawing 5 . A dummy pattern is for measuring the change in the thickness of an 
interlayer insulation film to initial setting. Therefore, it considers as the pattern in which thickness 
measurement has the flat surface of the magnitude made easily. That is, when the width of face of a scribe 
line is taken into consideration, the square whose one side is about 50-80 micrometers is an ideal. 
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[0024] By asking for the positive/negative of cleltat on this dummy pattern, it is t2 of drawing 5 . t3 It can 
judge which is right correction value, and can ask for exact amount of gaps deltat. For every process, to 
the amount Rdeltat of resist thickness fluctuation, it becomes possible to apply by resist thickness to 
which amount of resist pattern dimension fluctuation deltaw becomes the smallest, and homogeneous 
degradation of a resist pattern dimension can always be reduced by the thing which asked above and for 
which it shifts and Rdeltat is calculated like the 1st example using amount deltat. 
[0025] Hereafter, the resist method of application is explained to a detail, referring to drawing 7 . 

(1) The set point tref in early stages of the thickness of the interlayer insulation film as a substrate It 
incorporates from a data entry unit to an electronic control (step S1 1). 

(2) Next, ask for fluctuation deltaalpha of a reflection factor (step S1 2). 

(3) Next, it is based on fluctuation deltaalpha of a reflection factor, and is the thickness t2 of an interlayer 
insulation film, and t3. It asks (step S13). 

[0026] (4) Next, it is based on the thickness of the dummy pattern used as criteria, and is t2 and t3. It 
judges any they are and asks for exact amount of gaps deltat (step S14). 

(5) Next, calculate the shift amount Rdeltat of the resist thickness which should compensate the phase 
shift of the exposure reflected light based on the above-mentioned amount of gaps deltat (step S15). 

(6) next, the set point tref in early stages of the thickness of an interlayer insulation film the shift amount 
Rdeltat of the resist thickness which should be compensated — in addition, it asks for the thickness RT of 
the resist film (step S16). 

[0027] (7) Next, take out a command (for example, spinner engine speed) to a resist coater, and apply a 
resist so that it may become the optimal resist thickness (step S17). Thus, according to the 2nd example, 
also in the resist spreading process that thickness measurement has a difficult substrate, it becomes 
possible by measuring the reflection factor on a semiconductor device and measuring the thickness on a 
dummy pattern to ask for exact amount of gaps deltat. 

[0028] The thing [ applying by optimal resist thickness for which it asked and to which it shifts and amount 
of resist pattern dimension fluctuation deltaw always becomes the smallest to the amount Rdeltat of resist 
thickness fluctuation based on amount deltat like the 1 st example ] becomes possible. In addition, this 
invention is not limited to the above-mentioned example, and based on the meaning of this invention, 
various deformation is possible for it and it does not eliminate these from the range of this invention. 
[0029] 

[Effect of the Invention] As mentioned above, according to this invention, the following effectiveness can 
be done so as explained to the detail. 

According to invention according to claim 1, the amount of thickness fluctuation of an interlayer insulation 
film is measured before resist spreading. A shifted part of a phase (1) By adjustment of resist thickness To 
the amount Rdeltat of resist thickness fluctuation by applying by the resist thickness to which 

amount of resist pattern dimension fluctuation deltaw becomes the smallest always The resist pattern 
dimension used as a target can be obtained without degrading the homogeneity of the resist pattern 
dimension within a wafer side, when the thickness of the insulator layer between layers is changed. 
[0030] (2) Even if it is the case where measurement of the thickness of the interlayer insulation film of a 
semiconductor device has a difficult substrate before resist spreading according to invention according to 
claim 2 By measuring the reflection factor on a semiconductor device, compute the amount of thickness 
fluctuation of said interlayer insulation film, and it is based on the thickness on the dummy pattern used as 
criteria. It can ask for the change in the amount of thickness fluctuation of said interlayer insulation film, 
and resist thickness to which amount of resist pattern dimension fluctuation deltaw becomes the smallest 
can be applied to the amount Rdeltat of resist thickness fluctuation. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the semiconductor device for explaining the resist method of 
application which shows the 1st example of this invention. 

[Drawing 2] It is the resist spreading structure-of-a-system Fig. showing the 1st example of this invention. 

[Drawing 3] It is the resist spreading flow chart which shows the 1st example of this invention. 
[Drawing 4] It is the property Fig. of the spinner engine speed and resist thickness which show the 1st 
example of this invention. 

[Drawing 5] It is the sectional view of the semiconductor device for explaining the resist method of 
application which shows the 2nd example of this invention. 

[Drawing 6] It is the property Fig. of the thickness of an interlayer insulation film, and a reflection factor 
showing the 2nd example of this invention. 

[Drawing 7] It is the resist spreading flow chart which shows the 2nd example of this invention. 
[Drawing 8] It is drawing showing the relation between resist thickness and a resist pattern dimension. 
[Drawing 9] It is drawing showing the example of the level difference structure generated on a 
semiconductor device. 

[Drawing 10] It is drawing showing the shift condition of the phase of the light in the interlayer insulation 
film at the time of exposure. 

[Drawing 1 1] It is drawing showing an example when a phase shifts. 
[Description of Notations] 

1 41 Semi-conductor substrate 

2 42 Quantity reflective film 

3 43 Interlayer insulation film 

4 44 Resist film 

10 Thickness Gage 
20 Resist Coater 

30 Electronic Control 

31 Central Processing Unit (CPU) 

32 Storage 

33 Input Interface 

34 Output Interface 

35 Data Entry Unit 
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DRAWINGS 



[Drawing 1] 



[Drawing 2] 
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[Drawing 4] 




[Drawing 5] 




[Drawing 6] 




[Drawing 8] 




[Drawing 7] 
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[Drawing 9] 



[Drawing 10] 
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[Drawing 1 1] 
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